Objective: To evaluate vessel involvement and the role of multidetector computed tomography (MDCT) in the early diagnosis of invasive pulmonary aspergillosis (IPA) in patients with febrile neutropenia and antibiotic-resistant fever undergoing autologous bone morrow transplantation.
Introduction
Fungal infection is one of the primary causes of post hematopoietic stem cell transplantation (HSCT) mortality and morbidity, despite routine prophylaxis for common pathogenic organisms and empiric treatment of febrile episodes during the early neutropenic period [1, 2] . In the era of routine fluconazole prophylaxis for high-risk populations, molds-especially Aspergillus species-became the most common and life-threatening pathogenic organism, leading to fungal pneumonia in febrile neutropenic patients and causing 90% of such infections [3, 4] . Early and accurate diagnosis of invasive pulmonary aspergillosis (IPA) in immunocompromised patients is the ultimate method of lowering the mortality and morbidity rates associated with the pathogen [5] . A 10-d delay in initiation of antifungal therapy nearly doubles the IPA-related mortality rate [5] .
High-resolution CT visualization of the halo sign-indicative of a hemorrhagic pulmonary nodule-is an early sign of IPA with high sensitivity and specificity [6] ; however, differential diagnosis of the halo sign is quite complex, as it may be observed as a result of infection with other microorganisms [(Candida spp., mucormycosis, cryptococcosis, cytomegalovirus (Cmv), herpes simplex virus (HSv)] and other diseases, including Wegener granulomatosis, pulmonary metastases of hypervascular tumors, and Kaposi's sarcoma [7, 8] . Pathologic examination of nodules with the halo sign showed that the halo around a central fungal lesion corresponded to a nodule surrounded by a rim of coagulation necrosis due to the vascular invasion that causes thrombotic occlusion and ischemic necrosis [9] . Due to limitations of these radiological findings, a few recent studies evaluated the role of multidetector computed tomographic (mDCT) angiography in the early and accurate diagnosis of IPA [10] .
The primary aim of the present study was to evaluate vessel involvement and the role of multidetector computed tomography (mDCT) in the early diagnosis of invasive IPA in patients with febrile neutropenia and antibiotic-resistant fever undergoing HSCT.
Material and Methods
In all, 37 consecutive HSCT patients (24 male and 13 female) with a mean age of 41 ± 19 years (range: 4-68 years) and clinically suspected IPA due to febrile neutropenia and broad-spectrum antibiotic-resistant fever of unknown origin that underwent 74 pulmonary mDCT examinations between march 2009 and June 2010 were retrospectively evaluated. In total, 27 of the patients (73%) had acute leukemia, 2 (5%) had chronic leukemia, 7 (19%) had lymphoma, and 1 (3%) had multiple myeloma. The patients with acute and chronic leukemia were treated with allogeneic HSCT from 6/6 HlA-matched related donors. The other patients underwent autologous peripheral stem cell transplantation and were neutropenic Scanning parameters were as follows: slice thickness: 1.25 mm; helical rotation time: 0.5 s; collimation: 1.25 mm; voltage: 120 kv; current: 120 mAs. After completion of CT scanning the reconstruction process was applied and multiplanar reconstructed (sagittal, coronal, and oblique planes) images were created. Axial images were evaluated for nodules, cavitation, and the halo sign, and then any focal pulmonary lesions observed were evaluated for vascular involvement-defined as an interruption of the vessel at the border of the focal nodular lesion in multiplanar reconstructed images-and evaluated based on the consensus of 2 radiologists. results were correlated with clinical follow-up data, including serum galactomannan values and CT findings during a median follow-up of 93 d (range: 10-220 d).
Statistical Analysis
Statistical analysis was performed using SPSS v.13.0. Categorical variables are presented as numbers and percentages, and continuous variables are presented as mean ± SD or median.
Results
According to EOrTC/mSg criteria, 0, 14, and 11 patients were diagnosed as proven, probable, and possible IPA, respectively. Sputum culture in 2 patients showed infection with Aspergillus spp. Among the 14 patients with probable IPA, 2 had Aspergillus-positive culture and 12 patients had 2 consecutive positive gm assays. These 14 patients also had pulmonary CT findings indicative of IPA. In all, 11 of the 37 patients that had both host and radiological findings suggesting IPA did not have culture or non-culture-based test results consistent with IPA (possible IPA). In the remaining 12 patients the diagnosis of IPA was excluded by any level of evidence and these patients were regarded as having fever of unknown origin (absolute neutrophil count <500 mm -3 for at least 11 d) following myeloablative conditioning. The conditioning regimen in the patients with acute/chronic leukemia was TBI/Cy or Bu/Cy, whereas patients with lymphoma and myeloma received BEAm and mEl200, respectively.
All the HSCT patients received levofloxacin, fluconazole, acyclovir, and trimethoprim-sulfamethoxazole as primary prophylaxis. Allogeneic HSCT recipients received cyclosporin and short-term methotrexate for prophylaxis of graft versus host disease. According to our hematology/ stem cell transplantation protocol, febrile neutropenic patients that were unresponsive to broad-spectrum antibiotics (imipenem or meropenem) for 72 h were evaluated for opportunistic fungal pathogens. We adapted a similar (not the same) pre-emptive strategy pioneered by maertens et al. [11) -serum galactomannan (gm) assay (twice weekly) and thoracic mDCT. Patients that had hemodynamic instability and/or 2 consecutive positive serum gm assays (ElISA: optical density ≥0.5), and/ or thoracic mDCT findings suggesting IPA (pulmonary nodule irrespective of the halo sign, air crescent sign, or cavitation) supported by mycological evidence of molds (presence of fungal elements indicating molds in sputum/ bronchoalveolar lavage fluid or positive culture for molds) were treated with antifungal agents. Patients with mycological evidence of Aspergillus spp. received voriconazole; all others were treated with caspofungin.
Persistent or relapsing fever was not considered an indication for antifungal therapy. Once initiated, antifungal therapy was continued for 6 weeks. In patients that were unresponsive to pre-emptive antifungal treatment, mDCT was repeated; hence, it was performed more than once in some patients. Patients with renal insufficiency were excluded from the study. The study protocol was approved by Ankara oncology hospital review board and written informed consent was received from all patients. The diagnosis of IPA was based on evaluation of host factors, together with mycological and radiological findings, according to the international consensus guidelines [12] . Due to safety concerns, no patient underwent transbronchial/percutaneous lung biopsy or needle aspiration of radiologically suspected lesions, allowing histopathologic or cytopathologic examination.
Pulmonary CT was performed caudocranially with an mDCT scanner (gE medical Systems, milwaukee, WI, USA) after administration of 100 ml of intravenous contrast media (ioversol, 350 mg ml -1 organically bound iodine, Optiray, Covidien, Tyco, USA) at a rate of 4 ml s -1 . mDCT was performed with 20-s delay during breath-hold. mDCT. In all, 6 (25%) patients that were diagnosed as IPA died during follow-up. In 3 of the 12 patients with normal mDCT findings and persistent fever mDTC was repeated and the results were again normal; there were no clinical or laboratory findings supporting the diagnosis of IPA among them. Transplant-related mortality (Trm) 100 d post transplant in the patients with IPA and FUO was 24% and 0%, respectively.
Discussion
IPA is one of the most serious pulmonary complications of HSCT. The incidence of IPA varies widely according to study population. The risk of proven and probable IPA among autologous transplant recipients is quite low (0.5%-1%), as compared to patients undergoing allogeneic HSCT or those treated with induction chemotherapy for acute leukemia (3%-7%) [13] [14] [15] . Although rare, IPA is associated with high mortality and morbidity rates following HSCT, especially during the early neutropenic period [10, 16] . The mortality rate due to IPA when treated with appropriate antifungal therapy ranges from 30% to 80% [17] . Early (FUO). All the patients with FUO had patent vessels, based on mDCT (Figure 1 ). Among the patients with FUO, 3 had consolidation, with strong and patent vessels in and around the consolidation, whereas the other 9 patients had no pathology based on mDCT. On the other hand, 18 (72%) of the patients that were diagnosed as probable and possible IPA had abnormal mDCT findings (Table 1 ).
In the patients with probable and possible IPA 72 focal pulmonary lesions were detected via mDCT; the lesions ranged from 6 to 40 mm (mean: 1.7 ± 0.6 mm). In 41 of the 72 (57%) lesions vascular occlusion was noted, which was defined as an interruption of a vessel at the border of a focal lesion (without depiction of the vessel) or peripheral to the lesion (Figure 2A,B) . The CT halo sign was noted in 25 of the 41 (61%) lesions. In total, 9 cavitary pulmonary nodules with a surrounding halo of ground-glass attenuation were detected using mDCT. Clinical improvement and resolution of fever was achieved following antifungal therapy in 19 (76%) of the 25 patients with probable and possible IPA. In patients with clinical deterioration, there was also progression of radiological findings based on 
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According to the recently published EOrTC/mSg criteria, the rate of proven/probable IPA in the present study was 38%, which is much higher than expected, and this discrepancy has several possible causes. In order to focus on a population with a high risk for IPA we included only patients with defined host factors based on EOrTC/ mSg criteria. In addition to the allogeneic transplant recipients, all 8 patients that were treated with autologous HSCT had profound neutropenia for at least 11 d. Autologous HSCT patients that did not fulfill EOrTC/ mSg host criteria were not included in the study. Additionally, there are some drawbacks associated with the use of serum gm-ElISA assay for the detection of IPA. recent data show that the positive predictive value (58%-73%) of the test is not optimal [15] . In order to increase the sensitivity and safety of the pre-emptive approach we used a rather low threshold for positivity (optical density ≥0.5). moreover, a vast majority of the patients (n = 29 [78%]) were treated with a conditioning regimen that included high-dose cyclophosphamide, which can cause false positive gm assay results [18] . In consideration of the fact that none of the present study's patients had proven IPA and all 14 patients with probable IPA had 2 consecutive positive gm assays, the high rate of IPA observed may be an overestimation of the real picture.
The diagnosis of IPA in the present study was based on evaluation of host factors, together with mycological and radiological findings, according to the international consensus guidelines [12] . The major limitation of the present study is the lack of histopathologic diagnosis of IPA, which was not performed due to safety concerns. In conclusion, mDCT shows promise as an imaging technique for accurate and early detection of vessel occlusion in HSCT patients with suspected IPA; however, additional research with larger patient populations is needed to further establish its accuracy. and accurate diagnosis of IPA is critical because initiation of specific antifungal therapy decreases the mortality rate from 80% to 30% [6] . In the present study mDCT findings in 37 HSCT patients with neutropenia and antibioticresistant FUO, and clinically suspected IPA were retrospectively evaluated via in order to detect the existence of focal pulmonary lesions, the halo sign, and vascular occlusion. Due to severe thrombocytopenia, poor clinical condition, and high risk of complications associated with invasive diagnostic procedures, diagnoses were based on clinical, microbiological, and radiological findings.
A pulmonary nodule with the halo sign observed with high-resolution CT is an important and early sign of IPA; however, the halo sign is a non-specific imaging finding that may be observed in other diseases [7, 8] . During the last 10 years technological progress in medical imaging has resulted in mDCT, which has many advantages over singledetector helical CT, including shorter acquisition time, greater anatomic coverage, and superior image resolution during a single breath-hold, facilitating improved patient comfort and excellent three dimensional (3D) reconstructions. All these factors substantially increase diagnostic accuracy via state-of-the-art image quality. 3D isotropic volume imaging is possible with mDCT and provides excellent anatomical imaging of the thorax, thereby significantly increasing the diagnostic yield. mDCT has resulted in a paradigm shift in vascular imaging-from conventional catheter angiography to mDCT angiography-as mDCT provides image quality that equals or surpasses that of conventional angiography. recent advances in 3D volume rendering enable detection of occlusion of peripheral vessels at the border of a suspicious fungal lesion. Hypothetically, vasculitic change in peripheral vessels can cause occlusion of peripheral vessels. vessel occlusion secondary to vascular invasion by IPA results in edema, which is referred to as the CT-halo sign. Sonnet el al. reported that direct detection of vessel occlusion, which was defined as an interruption of a vessel at the border of a focal nodular pulmonary lesion, is an earlier finding than the halo sign and may be useful in the early diagnoses of IPA [10] . In the present study only 61% of the patients with vascular occlusion around the pulmonary nodules had the halo sign, which is in agreement with the findings of Sonnet el al. [10] , and therefore it seems logical to conclude that mDCT could be a valuable tool for the early diagnosis of IPA. As the present study's cohort consisted of only 37 patients, it is impossible to definitively state the value of mDCT in the diagnosis of IPA based on the present findings.
